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TIME-DEPENDENT CHANGES IN
CONDITIONED SUPPRESSION

R. C. HowaARrp! AND MARK RILLING

MICHIGAN STATE UNIVERSITY

Time-dependent changes in a response following aversive conditioning were investigated
using a conditioned suppression procedure in a within-subjects design. Four groups of
pigeons received Pavlovian conditioning “off the baseline”, immediately followed by an
operant task. During the Pavlovian phase, two groups received a forward pairing of a
tone with shock, one group received a backward pairing, and one group received a truly
random pairing. One of the forward pairing groups also received a delay between the Pav-
lovian and operant phases. For all groups, key pecking was reinforced on a variable-interval
schedule during the operant phase. Testing sessions were identical to training sessions,
except that the tone used during Pavlovian conditioning was presented either 0, 15, 30, 45,
of 60 minutes after the operant phase began. Testing sessions in which the Pavlovian phase
was omitted were also included. The results showed suppression to change as a function of
the retention interval, with maximum suppression occurring at intermediate intervals. This
U-shaped function was obtained for 11 of the 12 pigeons in the forward-pairing groups
and for three of the five in the truly random group. Pigeons in the background pairing
group did not show changes in suppression as a function of the retention interval.
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In most studies of learning, retention is a
monotonically declining function of the
amount of time since original learning. An
exception to this rule is the U-shaped function,
known as the Kamin effect, obtained following
aversive conditioning with infra-human or-
ganisms. Kamin (1957) incompletely trained
rats to avoid shock in a shuttle-box apparatus
using a tone as the conditional stimulus (CS).
Following this training, the subjects were di-
vided into groups. One was immediately given
additional training on the shuttlebox task
and the other groups received delays between
initial and subsequent conditioning that
ranged from 30 min to 17 days. The mean
number of avoidance responses during re-
training was used as the measure of perform-
ance. The results showed a decline in success-
ful avoidance responses up to a l-hr delay
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published research referred to in the introduction. Re-
prints may be obtained from R. C. Howard, Depart-
ment of Psychology, Olds Hall, Michigan State Univer-
sity, East Lansing, Michigan 48823.

period. Groups with delay intervals longer
than 1 hr showed progressively higher success-
ful avoidance responses. For a 24-hr delay
group, the number of avoidance responses did
not differ significantly from the group re-
trained immediately. When performance was
plotted as a function of the delay interval, a
U-shaped function was obtained, with the
greatest deficit in performance occurring at the
I-hr delay interval.

The Kamin effect is always measured as a
change in performance obtained after various
retention intervals following the occurrence of
aversive conditioning (Anisman, 1975; Brush,
1971; Klein and Spear, 1970). The function
reflects changes in the ability of an organism
to learn or perform an avoidance response. It
is reasonable to assume, however, that if an
organism’s response to a CS used in Pavlovian
aversive conditioning was measured over time,
a U-shaped function would also be obtained.

To determine if tlme-dependent changes in
an organism’s reaction to a CS occurs, it is
necessary to use a procedure that does not re-
quire a specific avoidance response. Condi-
tioned suppression, a decrease in the rate of an
operant response during the presentation of an
aversive CS, fulfills this requirement. Hunt
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and Brady (1951) developed a variation of the
conditioned suppression procedure, known as
“off-the-baseline” conditioned suppression, in
which aversive Pavlovian conditioning occurs
before testing the CS on an operant baseline.
This method permits the manipulation of the
retention interval between classical condition-
ing and testing of the CS on an operant base-
line.

An “off-the-baseline” procedure has been
used by McMichael (1966) and Tarpy (1966) to
measure time-dependent changes in the level
of conditioned suppression. In both experi-
ments, rats received avoidance training in a
shuttle-box, followed after various retention
intervals by testing in an operant chamber.
Testing consisted of the presentation of the
tone used in avoidance training while lever
pressing was reinforced with food. Their re-
sults showed a monotonic increase in condi-
tioned suppression as a function of the reten-
tion interval. The failure of these studies to
obtain a U-shaped function led Brush (1971) to
conclude tentatively that a U-shaped function
is not obtained when a conditioned suppres-
sion procedure is employed.

In an unpublished study from this lab, rats
received suppression tests on an appetitive
baseline at various intervals following shuttle-
box training. The primary difference between
this study and the McMichael (1966) and
Tarpy (1966) studies involved the procedure
used during the retention interval. In both
previous studies, the rat spent the retention
interval in a holding cage, the end of the re-
tention interval occurring with placement of
the rat in the operant chamber. In the pilot
study, the rat was placed, at the end of shuttle-
box training, into the operant chamber and
was free to bar press for food. At the end of
the retention interval, a single suppression
test was conducted. Using this procedure, a
U-shaped function was obtained with maxi-
mum suppression occurring at intermediate
retention intervals. This increase in suppres-
sion is opposite to the decrease in performance
at intermediate retention intervals obtained in
Kamin’s study (Kamin, 1957).

The purpose of the present study was to de-
termine for pigeons the function relating con-
ditioned suppression to retention interval.
The CS was established through Pavlovian
conditioning to prevent any problems result-
ing from the acquisition of an avoidance re-
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sponse during the training phase. To avoid
any problems resulting from conducting train-
ing in a chamber different from the one used
in testing, pigeons received both training and
testing in the same chamber. Most subjects
worked on an operant task for food reinforce-
ment during the retention interval. Pigeons
were selected as the experimental organisms
because of the paucity of data on the “Kamin
effect” with this species.

In contrast with most previous studies on
the “Kamin effect”, the present study used a
within-subjects design to permit an evaluation
of time-dependent changes in conditioned sup-
pression for individual pigeons. Klein and
Spear (1973) also used a within-subjects design
to investigate the “Kamin effect”, but reported
only group averages.

The present design consisted of an experi-
mental group and three control groups. The
experimental group received a tone followed
immediately by shock during Pavlovian con-
ditioning. To ensure that subsequent suppres-
sion of operant responding during the tone
was the result of the pairing of the tone with
shock, control groups were necessary. The tra-
ditional control group in Pavlovian condition-
ing has been a backward pairing of the CS
with the US. However, Rescorla (1969) argued
that a CS that follows a US may become in-
hibitory because it predicts the absence of the
US for a period of time. He suggested a truly
random correlation of the CS with the US as
the appropriate control condition. In a truly
random control procedure, the probability of
the US in the presence of the CS is equal to
the probability of the US in the absence of the
CS. Although Rescorla predicted that condi-
tioning to the CS would not occur using such
a truly random procedure, Benedict and Ayres
(1972), Kremer and Kamin (1971), and Quin-
sey (1971) demonstrated conditioning follow-
ing truly random CS-US pairings. Rescorla
(1972) later predicted that excitatory condi-
tioning could occur using the truly random
procedure, but that with extended training,
conditioning would dissipate. Given this lack
of consensus about the appropriate control
group, both the traditional backward pairing
control group and the truly random control
group were used in the present study. The ap-
propriate control group should fail to demon-
strate time-dependent changes in conditioned
suppression, thereby producing a flat function.
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A third control group received forward pair-
ings of tone with shock during the Pavlovian
phase identical to the experimental group. In
this group, however, the appetitive baseline
was not available until just before the end of
the retention interval. The appetitive baseline,
for this group, did not begin until 4 min be-
fore presentation of the tone for testing. The
purpose of this group was to assess the notion,
mentioned above, that the conditions during
the retention interval accounted for the differ-
ence between our pilot study and those of
McMichael (1966) and Tarpy (1966). If the
availability of the operant task was critical for
the appearance of time-dependent changes in
conditional suppression, then the control
group should not show U-shaped functions.

METHOD

Subjects

Twenty-four White Carneaux pigeons were
maintained at 809, of their free-feeding
weights. The pigeons were housed in individ-
ual cages and had free access to grit and water.
The colony in which the pigeons were housed
was continually illuminated by standard fluo-
rescent ceiling lights. Each pigeon was im-
planted with stainless-steel electrodes through
each side of the pubic arch. These electrodes
were connected to a phono plug on a leather
harness worn by the pigeon (Azrin, 1969).

Apparatus

Two standard, three-key, Lehigh Valley
Electronics experimental chambers were used.
The center key of each chamber was illumi-
nated with a black vertical line on a white
background or a green stimulus. The stimuli
were projected onto the key using an Indus-
trial Electronics Engineers inline projector
(Model #10-0W78-1820-L). A houselight, con-
sisting of a GE #1820 lamp, remained on
during the sessions. A GE #1820 lamp il-
luminated the food hopper during rein-
forcement. The onset of reinforcement was
controlled by a Lehigh Valley Electronics
Photosensor (Model #221-10). A speaker,
mounted on the front panel of the operant
chamber was used to present the auditory
stimulus. A B&K sound-pressure meter was
used to set the auditory stimulus at 65 dB
re 20 N/m? above the ambient noise level.
The chamber was modified for shock delivery
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as described by Klein and Rilling (1974). A
high internal resistance ac milliampere power
supply, insensitive to external resistance
changes up to 5000 ohms, was used as the
shock source. A fan, providing masking noise
and ventilation, remained on during the ses-
sions. The chambers were maintained in sep-
arate rooms separated by a central room in
which scheduling and recording equipment
was maintained.

Procedure

Pretraining. The pigeons were initially
magazine trained and autoshaped to peck the
center key. An autoshaping trial consisted of
the illumination of the key with the green
stimulus for 8 sec, followed by access to a
grain-filled hopper for 3.5 sec. The intertrial
interval between autoshaping trials was varied,
with a mean of 2 min. Each session of auto-
shaping was 60 min in duration and was termi-
nated when a pigeon emitted 100 or more re-
sponses to the green stimulus during a session
for two consecutive sessions.

After autoshaping, the pigeons received one
60-min session on a variable-interval (VI) 30-
sec schedule followed by two 60-min sessions
on VI 60-sec. Next, the pigeon received two,
60-min sessions on a VI 60-sec schedule of re-
inforcement during which a 1000-Hz tone, 2
min in duration, was presented on a variable
intertrial interval schedule with an average
duration of 2 min. During all sessions in which
a pigeon pecked for reinforcement, the key
was illuminated with the green stimulus.

Training. Following pretraining, the pi-
geons were divided into four groups: (a) a
forward pairing group, (b) a forward pairing
with operant delay group, (c) a backward pair-
ing group, and (d) a truly random group.
Each group contained six pigeons.

A training session consisted of two phases, a
Pavlovian conditioning phase and an operant
conditioning phase. In the Pavlovian phase,
the pigeons received presentations of a 1000-
Hz tone and a 2-mA shock. In the operant
phase, the pecking response was reinforced on
a VI 60-sec schedule. Grain was never available
during the Pavlovian phase and shocks never
occurred during the operant phase.

The onset of the Pavlovian phase was sig-
nalled by the illumination of the houselight.
The duration of the 1000-Hz tone was 2 min
and the duration of the 2-mA shock was 1.5
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sec. For the forward pairing group and the
forward pairing with operant delay group,
presentation of the tone was immediately fol-
lowed by shock. The intertrial interval (ITI)
was varied following a VI 2-min schedule. For
the backward pairing group, a trial consisted
of the presentation of shock followed, after a
10-sec delay, by the tone. The tone was fol-
lowed by a 30-sec safe period before the next
ITI began. The length of the ITI varied fol-
lowing a VI 2-min schedule. For the truly ran-
dom group, tone and shock presentations were
arranged on independent VI 2-min schedules.
For all groups, the Pavlovian phase ended
when the pigeon had received 15 presentations
of tone and 15 presentations of shock.

At the end of the Pavlovian phase, the cen-
ter key was illuminated with the green stimu-
lus for all groups, except the forward pairing
with operant delay group. During the operant
phase, responding was reinforced on a VI 60-
sec schedule. No tones or shocks occurred dur-
ing this phase before testing. For the forward
pairing with operant delay group, a delay be-
tween the Pavlovian and operant phases was
imposed, indicated by the illumination of the
center key with a vertical line stimulus. The
delay period was either 0, 15, 30, 45, or 60 min
in duration. The delay intervals were random-
ized across sessions, with each subject receiving
two sessions at each delay interval; during the
delay period, no shocks or tones were pre-
sented, nor was reinforcement for responding
available. At the end of the delay interval, the
key was illuminated with the green stimulus
and responding was reinforced on the VI 60-
sec schedule.

For all groups, the operant phase was 60
min. Each session consisted of a Pavlovian
phase followed by an operant phase. There
were 10 training sessions.

Testing. Testing sessions were identical to
training sessions, with one exception. During
the operant phase, the tone without shock was
presented for 2 min either 4, 15, 30, 45, or 60
min from the beginning of the phase. The Pav-
lovian phase preceded the operant phase as
in training. The tone was presented only once
per session for testing during the operant
phase. The schedule of reinforcement re-
mained in effect during presentation of the
tone. At least 24 hr intervened between testing
sessions. For the forward pairing with operant
delay group, the delay period was terminated
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and the green stimulus illuminated, indicating
availability of reinforcement for key pecking, 4
min before the scheduled tone presentation.
The VI 60-sec schedule of reinforcement was
made available 4 min before tone presentation
to allow a period of warmup on the operant
schedule before testing. For all groups, the re-
tention interval was measured from the end
of the Pavlovian phase to the tone presenta-
tion in testing. Therefore, the forward pairing
with operant delay group did not receive a de-
lay period for the 4-min testing interval. Fig-
ure 1 depicts the procedure used for all groups.

All groups also received test sessions in
which the Pavlovian phase was omitted. These
sessions were always 24 hr after a normal test-
ing session. During these sessions, the tone was
presented at one of the testing intervals and
all testing intervals were sampled across pi-
geons.

The order of testing was randomized within
and between pigeons, with all testing intervals
sampled across pigeons per day. The random-
ized schedule of testing was replicated four
times, giving each pigeon four tests at each
interval. Each pigeon received a total of 24
testing sessions. Suppression ratios were cal-
culated using Kamin’s (1961) formula. The
formula is:

T M)
pre T+ T ’
GROUPS I,384 RETENTION
INTERVAL
(TONE)
PAVLOVIAN PHASE OPERANT PHASE
TIME i
GROUP 2 RETENTION
INTERVAL
(TONE)
PAVLOVIAN PHASE OPERANT PHASE
L S )
DELAY ~
TIME -7

Fig. 1. A schematic of the procedure used during test-
ing. The retention interval for all groups was varied
between 4 min and 60 min. The delay interval for
Group 2 was varied between 0 min and 56 min. (Group
1: forward pairing; Group 2: forward pairing with op-
erant delay; Group 3: backward pairing; Group 4: truly
random.)
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where T is the number of responses emitted
during the tone presentation and pre T is the
number of responses emitted in the 2-min
period preceding the tone presentation.

RESULTS

The results for the forward pairing group
are shown in Figure 2. U-shaped functions,
indicating an average maximum suppression
at intermediate intervals, were obtained for
five of the six pigeons in this group. The sup-
pression ratio presented represents an average
suppression ratio derived from ratios taken for
each replication. The point of maximum sup-
pression varied for individual pigeons, with
the maximum for P4 and P6 occurring at 15
min, for P2 and P3 at 30 min, and for Pl
at 45 min. For P5, the average suppression
ratio did not result in a U-shaped function.
The 1440-min interval on the graph repre-
sents the average suppression obtained dur-
ing the sessions in which the Pavlovian phase
was omitted. Although this testing interval
is not equivalent to the other testing in-
tervals, because pigeons did not receive Pav-
lovian conditioning before testing, it is in-
cluded in the figures for convenience. Figure
3 shows the individual gradients obtained
for each replication. It is interesting to note
that P5 produced inverted U-shaped func-
tions for replications one and two, which then
inverted to the typical U-shaped function for
replications three and four.

The results for the forward pairing with
operant delay group are shown in Figure 4. U-
shaped functions were obtained for each of the
six pigeons, with maximum suppression oc-
curring for P8 and P9 at 15 min, for P10 and
P12 at 30 min, and for P7 and P11 at 45 min.

A two-factor, mixed design, analysis of vari-
ance was performed on the data from the two
forward pairing groups. The test was con-
ducted to determine if the level of suppression
varied significantly as a function of the reten-
tion interval. The results showed a significant
effect of the retention interval on the level of
suppression (F; 5, = 2.81, p < 0.025). The two
groups were also found to differ significantly
in the total amount of suppression over all
testing intervals (F; ;0 =23.8, p <0.001). A
comparison of the two groups showed suppres-
sion levels in the forward pairing group to be
significantly higher than suppression levels in
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Fig. 2. The level of response suppression as a function
of the testing interval for individual pigeons in the for-
ward pairing group. Each point represents the average
suppression ratio for the four tests. The order of test-
ing for each pigeon is represented by the numbers above
the data points.

the forward pairing with operant delay group
(see Figures 2 and 4). The analysis of variance
showed no significant interaction between the
group tested and time-dependent changes in
suppression (Fj 50 = 0.55, p > 0.10).

A trend analysis was performed on the data
to determine what type of function best fit the
changes obtained in suppression as a function
of the retention interval. The results showed
that a quadratic, U-shaped function provided
the best fit (F, ;0 = 6.35, p < 0.025).

Table 1 shows the average response rates
during the pretone period and during the tone
for all groups. The table was derived from av-
eraging within and across pigeons and suppres-
sion ratios cannot be obtained from the data.
A two-factor, mixed design, analysis of vari-
ance was performed on the response rates dur-
ing the pretone period for the two forward
pairing groups. The test was performed to de-
termine if any systematic changes in response
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Fig. 3. The level of response suppression as a function of the testing interval for each replication in the forward

pairing group.
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rate occurred as a function of time. No signifi-
cant effect of the retention interval on pretone
responding was obtained (F55 =0.18, p>
0.10). A significant effect, however, was ob-
tained between groups (F; ;o = 6.57, p < 0.05).
This group effect resulted from the higher
level of responding in the forward pairing
with operant delay group, as compared with
the forward pairing group.

The results of the backward pairing group
are shown in Figure 5. Suppression was mini-
mal in this group and the rate of responding
during the tone was roughly constant across
retention intervals. All pigeons in this group
show relatively flat functions. The results from
the truly random group are shown in Figure
6. One pigeon in this group was dropped for
failure to respond during the operant phase.
Two of the remaining five pigeons, P21 and
P23 show no suppression and flat functions.
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Fig. 4. The level of response suppression as a function
of the testing interval for individual pigeons in the for-
ward pairing with operant delay group. Each point
represents the average suppression ratio for the four
tests. The order of testing for each pigeon is represented
by the numbers above the data points. The variability
bands represent the standard error of the mean.
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Table 1

Average response rate during the tone and pretone pe-
riods.

Retention Intervals (Min)

Group 4 15 30 45 60 1440
F .
Pretone 72 76 74 72 72 73
Tone 36 28 24 31 28 30
FD
Pretone 111 115 113 110 113 109
Tone 103 95 88 92 108 99
B
Pretone 54 51 51 46 53 48
Tone 53 47 50 47 49 48
R
Pretone 44 57 51 50 50 49
Tone 34 35 30 29 32 45

“Response rate is in responses per minute.

Three pigeons, P19, P20, and P22 show both
suppression to the tone and U-shaped func-
tions. The interval of maximum suppression
for these pigeons varied from 15 min to 45
min. Thus, when suppression was obtained in
the truly random group, the resulting func-
tions were similar to those obtained for the
forward pairing groups while, when no sup-
pression was obtained, the functions were
similar to those obtained with the backward
pairing group.

Group averages are compared in Figure 7.
Due to the varied results obtained with the
truly random group, its group average is not
included in this figure. For both the forward
pairing group and the forward pairing with
operant delay group, the average point of max-
imum suppression occurred at the 30-min re-
tention interval. The suppression level for the
1440-min retention interval approximately
equalled the amount of suppression at the
60-min retention interval. A T test between
the 60-min interval and the 1440-min interval
was found to be nonsignificant for both the
forward pairing group (T;=0.69, p > 0.10)
and the forward pairing with operant delay
group (T; =1.67, p > 0.10).

DISCUSSION

The U-shaped function obtained by Kamin
(1957) showed a decrease in avoidance re-
sponding at intermediate retention intervals;
in the present study, the U-shaped function
showed an increase in suppression at inter-
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Fig. 5. The level of response suppression as a function
of the testing interval for individual pigeons in the
backward pairing group. Each point represents the
average suppression ratio for the four tests. The order
of testing for each pigeon is represented by the num-
bers above the data points. The variability bands repre-
sent the standard error of the mean.

mediate intervals. Changes in suppression,
then, show an inverse relationship to changes
in active avoidance responding. This finding
may have implications for particular interpre-
tations of the “Kamin effect” phenomenon.
The decrement in active avoidance responding
at intermediate retention intervals has been
attributed to either a memory retrieval failure
or to a direct interference with the avoidance
response. The retrieval failure interpretation
(Klein and Spear, 1970) assumes that the or-
ganism cannot retrieve from memory the as-
sociations learned during training. A ‘“state-
dependent” learning effect is considered the
mechanism responsible for this retrieval fail-
ure. The organism learns the avoidance task
under a particular internal state, which
changes during the retention interval. The
ability to retrieve the avoidance task is a
function of the difference between the internal
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Fig. 6. The level of response suppression as a func-
tion of the testing interval for individual pigeons in
the truly random group. Each point represents the
average suppression ratio for the four tests. The order
of testing for each pigeon is represented by the num-
bers above the data points. The variability bands repre-
sent the standard error of the mean.

state at testing and the internal state during
training. At intermediate retention intervals,
when internal cues are assumed to be maxi-
mally different from those during training, the
animal is unable to retrieve the avoidance re-
sponse or CS-US associations (Bryan and
Spear, 1976). This position would assume that
suppression, which reflects retrieval of CS-US
associations, would decrease at intermediate
retention intervals. In the present study, how-
ever, suppression increased at intermediate
intervals. It is difficult to see how a decrease
in retrieval would be reflected in an increase
in suppression.

Performance interpretations do not have
difficulty with an inverse relationship between
avoidance responding and suppression. Those
factors that interfere with the avoidance re-
sponse can be assumed also to interfere with
the baseline response in a suppression test.
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Fig. 7. Group averages showing the level of response
suppression as a function of the testing interval for the
forward pairing group (Group 1), the forward pairing
with operant delay group (Group 2), and the backward
pairing group (Group 3).

One performance interpretation (Anisman,
1975), however, runs into another difficulty
with the present results. This position attrib-
utes the “Kamin effect” to a decrease in the
organism’s ability to initiate voluntary re-
sponses at intermediate retention intervals.
Response inhibition results from changes in
the level of various neuro-transmitters pro-
duced by the organism’s direct exposure to an
aversive US. The effect is independent of any
association formed during training and is ex-
pected to occur following any exposure to an
aversive stimulus of sufficient strength. This
position would assume that the response rate
in the operant phase of the present study
would show systematic changes in the absence
of the tone. The results, however, did not sup-
port this prediction; no systematic changes in
the pretone response rate as a function of time
were observed.

A performance interpretation by Denny
(1958) does not encounter this problem. This
model assumes that fear reactions elicited by
the CS increases over the retention interval
to an asymptotic level. Fear then gradually
dissipates to a base level approximately equal
to the level of fear during initial training. If
retraining of the avoidance response occurs
when fear is at a miximum level, the animal
reacts to the CS and situational cues with fear
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reactions, such as freezing (Stein, Hoffman,
and Stitt, 1971), which are incompatible with
the appropriate avoidance response. In the
present study, presentation of the tone during
testing may elicit fear responses that are incom-
patible with the key-peck response. Condi-
tioned suppression has, in fact, often been
assumed to reflect the conditioning of a central
motivational state such as fear (Estes, 1969;
Konorski, 1967; Mowrer, 1960; Rescorla and
Solomon, 1967). The increase in suppression
at intermediate retention intervals can, there-
fore, be viewed as reflecting an incubation of
fear effect.

The lack of U-shaped functions in previous
studies on conditioned suppression probably
led most researchers to omit consideration of
the organism’s reaction to a CS over time. The
reason McMichael (1966) and Tarpy (1966)
did not obtain U-shaped functions is not en-
tirely clear. The considerable number of dif-
ferences in design between the present study
and these previous studies makes direct com-
parison difficult. Pilot work had suggested that
the opportunity to respond on the operant
task during the retention interval might affect
the type of gradient obtained during testing.
The forward pairing with operant delay
group, however, did not have the opportunity
to respond during the retention interval, and
still produced U-shaped functions. This result
suggests that responding during the retention
interval is not a critical factor. One possible
problem with the McMichael (1966) and
Tarpy (1966) studies was suggested by Brush
(1971). He argued that the use of a chamber
in testing different from the one used in train-
ing could result in a stimulus generalization
decrement. McAllister and McAllister (1971)
demonstrated such an effect when a different
chamber was used for testing in an escape
from fear paradigm. This problem may have
been offset in our pilot study by placing the
rats in the operant chamber immediately fol-
lowing shuttlebox training. The McAllisters
have demonstrated that the degree of deficit in
performance resulting from stimulus generali-
zation is a function of delay between training
and testing.

The present study clearly demonstrated that
U-shaped functions can be obtained using con-
ditioned suppression. The average point of
maximum suppression, however, occurred at
the 30-min retention interval; Kamin (1957)



208

obtained the greatest decrease in performance
at the 60-min retention interval. It is possible
that this difference reflects an underlying dif-
ference between avoidance responding and re-
actions to a CS. It is more parsimonious at
present, however, to assume that this difference
results from species and design variables. The
interval where the minimum of the U-shaped
function occurs has been found to vary as a
function of the design used (reviewed by
Brush, 1971) and as a function of the species
used (reviewed by Squire, 1975).

The most obvious difference in the present
study, as compared to previous studies on the
Kamin effect, other than the use of condi-
tioned suppression, was the use of a within-
subjects design. This design permitted an
evaluation of time-dependent changes in con-
ditioned suppression within individual pi-
geons. The results showed that the point of
maximum suppression varied from 15 min to
45 min across pigeons. This variance in the U-
shaped function has not been detected in pre-
vious studies, which have reported only group
averages. The successful use of the within-
subjects design indicates that U-shaped func-
tions can be obtained when animals are
trained to asymptotic levels. The results
showed that pigeons in the forward pairing
group produced U-shaped functions for the
fourth replication of the testing sequence after
over 30 sessions of Pavlovian conditioning.
This result argues against any interpretation
of the Kamin effect, which relies on associative
factors during acquisition. To account for U-
shaped functions with conditioning at asymp-
totic levels, the retrieval failure model must
assume that a CS cannot reach sufficient
strength to act as an appropriate retrieval cue.

There was some question in the present
study about the appropriate control group to
use for Pavlovian conditioning. A comparison
of the results for the backward pairing group
and the truly random group showed a lack of
conditioning for the former group but the
presence of conditioning and U-shaped func-
tions for three pigeons in the later group. Res-
corla (1972) predicted initial conditioning us-
ing the truly random procedure, which then
dissipates with continued training. Pigeons
that showed conditioning in the truly random
group, however, continued to suppress re-
sponding during the tone after over 30 Pav-
lovian conditioning sessions. Therefore, it
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seems unlikely that the conditioning demon-
strated in these pigeons was a transitory ef-
fect. The reason some pigeons in the truly
random group showed conditioning and some
pigeons did not, may have to do with the num-
ber of chance forward pairings each pigeon
received. It seems likely, however, that there
would have been only negligible differences
in the total number of forward pairings be-
tween pigeons, given the number of training
sessions. Benedict and Ayres (1972) have
shown that random schedules with forward
pairings occurring at the beginning of train-
ing are more likely to result in conditioning.
In another study, Ayres, Benedict, and Witcher
(1975) found that the total number of chance
pairings contributed to the presence or ab-
sence of conditioning. They also found that
the absence of conditioning to the CS was sig-
nificantly related to the number of shock pre-
sentations before the initial chance pairings
of the CS with shock. It seems likely that the
difference in conditioning between pigeons in
the truly random group was the result of both
the number of chance pairings that occurred
during the early sessions of training and the
number of shock presentations that occurred
before the first chance pairing.

The forward pairing group and the forward
pairing with operant delay group both pro-
duced U-shaped functions. The lower level of
total suppression observed in the forward pair-
ing with operant delay group was unexpected,
however. This group also showed a signifi-
cantly higher rate of responding during the
pretone period. It is possible that the higher
rate of responding in this group represents a
contrast effect resulting from the imposition
of a delay period between the Pavlovian and
operant phases. The higher rate of responding
may, in turn, have led to an attenuation of
response suppression during the tone.
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